esis. Experimentally, prions are mostly transmitted by intracerebral or intraperitoneal injection, while under "natScripps Florida ural" circumstances mammalian prions are usually 5353 Parkside Drive taken up orally. After penetrating the lining of the gasJupiter, Florida 33480 trointestinal tract they enter the lymphoreticular tissue of the gut, invade the peripheral nervous system, either The proposal that the transmissible agent in prion directly or via lymph nodes and spleen, and ascend the diseases can be a conformationally altered host procentral nervous system (CNS) (Aguzzi, 2003). Prions tein that multiplies by autocatalytic conversion has multiply to high titers in the brain and in some hosts in gained wide acceptance. Recent work shows that the spleen, albeit to a lower level. Spongiform degeneraagent, the prion, can be replicated in a cell-free systion, astrocytosis, and neuronal cell death accompany tem, that it can be generated de novo, and that the prion multiplication in the CNS; the pathogenic mechastrain-specific properties of prions are encoded by nism is still unclear, but it is not due to depletion of conformational variations of the underlying protein. invade organisms from without, whereas yeast prions The "protein-only" hypothesis proposes that the indo not naturally infect cells, although they can be introfectious, abnormal conformer of PrP C is propagated duced artificially. The yeast "prion phenomenon" has autocatalytically and a specific mechanism is sugnonetheless provided deep insight into the process of gested by the "seeding hypothesis" (Figure 1) . conversion of proteins to fibrillar amyloids and estabBiology of Mammalian Prions lished the validity of the seeding hypothesis. We distinguish four processes in prion infection, namely Multiplication of Mammalian Prions penetration, translocation, multiplication, and pathogenThe protein-only hypothesis proposes that the main or perhaps only constituent of the mammalian prion is a conformational variant of PrP C , commonly designated
Final proof that the prion consists of only protein would be achieved if pure PrP C or, better yet, recombinant PrP (rPrP) produced in E. coli, could be converted into a form that elicits prion disease. A first, seminal step in that direction was the demonstration that incubation of radioactive PrP C with unlabeled PrP Sc in a cell-free system generated radioactive PrP Sc , as characterized by its physical properties (Caughey et al., 1999). Moreover, the in vitro reaction reflected the species and strain-specific barriers recognized in vivo, but an increase of infectivity was not demonstrated. An important advance was provided by the invention of protein misfolding cyclic amplification (PMCA). into mice overexpressing PrP with the same deletion The three-dimensional structure of recombinant PrP C (tg9949 mice). All mice developed neurological disease is characterized by three α helices, a short β-pleated after about 520 days, as compared with an incubation region, and a long unstructured portion comprising altime of around 160 days caused by the "natural" RML most half of the molecule. Natural PrP C is fully or parprion strain. Tg9949 mice injected with only PBS were tially N glycosylated in two positions and anchored to healthy at 620 days; however, their later fate was not the outer surface of the cell membrane by a glycosylreported. Brain homogenate from the sick tg9949 mice phosphatidyl inositol anchor; however, transmembrane elicited disease after about 260 days when injected into configurations ((ctm)PrP) also occur. tg9949 mice. Importantly, disease could also be transPrP Sc is defined as an aggregated form of PrP that is mitted to wild-type mice. The authors' conclusion is largely resistant to proteinase K (PK) digestion under that the fibrillar preparation of rPrP contained "synconditions where PrP C and most other proteins are thetic prions," perhaps at low levels, and that these readily degraded. PrP Sc contains about 50% β sheet were amplified or underwent a strain shift (or both) in structure; because of its insolubility, its three-dimenthe tg9949-inoculated mice, accounting for the shortsional structure could not yet be elucidated. Digestion ened incubation period on further propagation. An alof PrP Sc by PK causes cleavage between residues 87 ternative explanation offered in commentaries to the and 91 (depending on the prion strain), leading to a paper is that the tg9949-transgenic mice, which greatly characteristic electrophoretic mobility shift of the three overproduce (truncated) PrP, would have spontanebands corresponding to di-, mono-, and unglycosyously developed prion disease with advancing age and that the inoculation somehow accelerated this endogelated species (designated PrP27-30). 
